ABSTRACT Mapping-guided endocardial resection has proved to be an effective therapy for recurrent sustained ventricular tachycardia. However, some patients cannot be mapped during ventricular tachycardia, so that guidance from findings during normal sinus rhythm would be highly desirable. We examined the frequency, timing, and duration of several abnormal types of electrograms recorded endocardially during sinus rhythm and related these findings to activation mapping during sustained ventricular tachycardia. Thirteen patients with extensive myocardial infarction complicated by recurrent sustained ventricular tachycardia were studied intraoperatively during sinus rhythm and induced ventricular tachycardia with a standardized mapping scheme involving the entire endocardial surface. Fractionated electrograms (multicomponent with amplitude <1 mV and duration >50 msec) were recorded in all patients. This type of electrogram could be recorded at up to 36% of mapped sites. Split electrograms (two components separated by isoelectric period) were also frequently seen but involved only a mean of 5.8% of mapped sites. Late electrograms (inscribed entirely after the QRS complex) were only recorded in four of 13 patients at a mean of 5% of mapped sites. The location of these electrograms was related to an arbitrary 8 cm2 zone around the earliest site of endocardial activation recorded during ventricular tachycardia. The longest fractionated electrogram was closely related to nine of 22 morphologies of induced ventricular tachycardia, split electrograms were related to seven of 16 morphologies, and late clectrograms to two of four morphologies. We have concluded that extremely abnormal electrograms recorded endocardially during sinus rhythm are widespread in patients with extensive myocardial infarction complicated by ventricular tachycardia. These electrograms may be associated with, but are not specific for, sites of origin of ventricular tachycardia. Surgical procedures based on sinus rhythm mapping of these electrogram types would likely result in more extensive surgical excision than those guided by endocardial activation during ventricular tachycardia. Circulation 70, No. 6, 957-965, 1984. PREOPERATIVE and intraoperative mapping of endocardial activation of ventricular tachycardia has been used to guide subendocardial resection in patients with refractory ventricular tachycardia.' -In some patients, however, tachycardias cannot be mapped as a result of such factors as cycle length of tachycardia, hemodynamic embarrassment, changing morphology
PREOPERATIVE and intraoperative mapping of endocardial activation of ventricular tachycardia has been used to guide subendocardial resection in patients with refractory ventricular tachycardia.' -In some patients, however, tachycardias cannot be mapped as a result of such factors as cycle length of tachycardia, hemodynamic embarrassment, changing morphology of tachycardia, or failure to induce tachycardia. Fractionated and other abnormal electrograms recorded from the endocardium have been noted in patients with ventricular tachycardia>7 and have been suggested as markers for the substrate of reentry. If these abnormal electrograms were reliably associated with the site of earliest endocardial activation during ventricular tachycardia, mapping during sinus rhythm could be used to guide surgical therapy. In the present study we evaluated the characteristics of abnormal endocardial electrograms measured in sinus rhythm during surgery for refractory ventricular tachycardia, and related the findings to the earliest site of endocardial activation during induced ventricular tachycardia.
Methods
The clinical characteristics of the study population are listed in age of 52 years. All patients had ischemic heart disease with a history of distant myocardial infarction. A mean of 1 .8 coronary vessels had at least a 70% obstructive lesion. Each patient had angiographic evidence of anterior left ventricular aneurysm. The mean ejection fraction was 29%. Seven patients had intraventricular conduction delay on their electrocardiograms.
No patient had a bundle branch block pattern. The indication for surgery was medically refractory, sustained ventricular tachycardia in all patients. Each underwent subendocardial resection and aneurysmectomy and 10 underwent coronary bypass grafting.
Endocardial mapping was performed, under normothermic conditions and while the patient was on cardiopulmonary bypass, through a ventriculotomy using a fingertip bipolar electrode with an interelectrode distance of 1.5 mm. Signals were filtered at 40 to 500 Hz. Electrograms from each site were recorded simultaneously with surface leads I, F, and VSR or V6, as well as with right and left ventricular reference electrograms. A 1 mV calibration signal was recorded at each site during sinus rhythm and all recordings were obtained at a paper speed of 200 mm/sec on an ink-jet recorder (Elema Mingograph). The moment of activation at each site was taken as the point at which the largest rapid deflection crossed the baseline, or at sites at which no rapid deflection was present as the earliest deviation from the baseline at that site. After the endocardial sinus map was obtained, induction of tachycardia was carried out with use of programmed ventricular extrastimuli delivered through a right ventricular endocardial electrode catheter positioned before surgery at the right ventricular apex. Mapping of the morphology of each induced venricular tachycardia was done at the same endocardial site as was used for the sinus rhythm recording. The earliest sites of endocardial activation during ventricular tachycardia was defined as the earliest electrical activation occurring before the surface QRS in the last half of electrical diastole.
Electrograms were recorded during sinus rhythm and during ventricular tachycardia by the scheme shown in figure 1A and figure 1 , B and C. Electrograms were recorded sequentially at each of 12 "clock" sites, starting at the palpable border of the aneurysm. This pattem of recording was repeated at each of up to five rows spaced approximately 1 cm apart, which are represented in figure LA as a series of planes cutting through the left ventricle from apex to base.
The electrograms recorded in patients in sinus rhythm were classified into three types and are illustrated in figure 2. width for all other fractionated electrograms measured. In 12 of 13 patients, fractionated electrograms starting within the QRS complex outlasted the end of the QRS. In these patients, a mean of 3.3 sites (1 to 6) had such delayed electrograms. In nine patients the latest fractionated electrogram was also the longest, and in four the latest and longest electrograms were recorded at disparate sites. The total endocardial activation time measured from the earliest onset to the end of electrical activity recorded on the endocardium was a mean of 171 msec and exceeded the surface QRS by a mean of 59 msec.
Spatial distribution of fractionated electrograms. Fractionated electrograms were widely distributed in most patients. They were found to coincide with areas of healed myocardial infarction, and in this group of patients were found predominantly on the ventricular septum ( figure 3 ). Expressed as the number of clock sites in which the fractionated electrogram could be recorded, these electrograms could be found to cover two to nine segments, and in the majority of patients seven to nine clock segments were involved (figure 4). The greatest density of fractionated electrograms was found in the first two sequential rows recorded from the aneurysm edge (figures 1 and 4); however, up to five sequential rows contained fractionated electrograms in individual patients. -h the earliest site of endocardial activation during each ventricular tachycardia did not differ from the mean width of those recorded from the remainder of the left ventricle ( figure 6 ).
Discussion
Fractionated and other type of abnormal electrograms have been recorded from epicardial, intramyocardial, and endocardial sites of previous myocardial infarction in a variety of animal preparations as well as in human beings. These electrograms share the characteristics of high-frequency components with diminished amplitude, prolonged duration, or both.-10 Fractionated electrograms have been of special interest because of reports of the association of these electrograms with the initiation, maintenance, and termina- have demonstrated that the origin of fractionated electrograms is surviving myocardial cells that have been uncoupled and electrically isolated by intervening fibrous tissue. This results in a slow and desynchronized depolarization of normal cells (nonuniform anisotropy) that inscribes a high-frequency multicomponent electrogram of low amplitude and long duration when recorded extracellularly.
Fractionated electrograms recorded during sinus rhythm have been reported in patients with coronary artery disease after myocardial infarction.4 6, 1 Furthermore, patients with ventricular tachycardia have more frequent and longer fractionated electrograms.7' 17 In our patients, fractionated electrograms were widely distributed and frequently found on the endocardial surface. Up to 36% of sites in these uniformly and completely mapped ventricles showed fractionated electrical activity. The distribution and degree of involvement cannot be directly compared with that in other studies because of differences in mapping detail and technique. The frequency of finding fractionated and other abnormal electrograms is consistent with the extensive myocardial damage that is associated with chronic recurrent ventricular tachycardia. Split electrograms have been recorded during sinus rhythm in patients with ventricular arrhythmias with or without myocardial infarction.6' ' 1 These electrograms are believed to possibly represent desynchronized activation of tissue by one or more wave fronts. Like others, we have recorded these electrograms in fewer patients and at fewer sites than fractionated electrograms.67
These fractionated and other abnormal electrograms are associated with a prolonged endocardial activation time, as has been noted in both animal and human preparations.6-.0 11, 18 In these studies total endocardial activation was markedly prolonged, with one or more long fractionated electrograms extending beyond the end of the surface QRS in all but one patient.
If these prolonged and delayed electrograms represent slow conduction manifest during sinus rhythm, in theory the longest or latest electrogram during sinus rhythm might be a likely site for reentry to occur. Abnormal electrograms recorded during normal sinus rhythm are widespread in patients with coronary artery disease, distant myocardial infarction, and ventricular tachycardia. The most common of these abnormal electrograms are fractionated. Split potentials can be recorded in most patients but are fewer in number than fractionated electrograms. Many of the fractionated electrograms recorded during sinus rhythm extend beyond the inscription of the surface QRS and result in a markedly prolonged endocardial activation time. Discrete electrograms inscribed after the surface QRS are infrequently seen, however. These electrograms may be associated with, but are not specific for, sites of origin of ventricular tachycardia. Therefore, surgery procedures based on sinus rhythm mapping of these electrograms would likely result in more extensive surgical excision than those guided by endocardial activation during ventricular tachycardia.
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